T
Ha?ﬁ@?ﬁﬂﬁ







ek

''''''
o i

P

A 5 AR 524

MRYE B AH 22

B E TR

LT
. .{a 0




(1) S R H “m%mmmmﬁw@

(2) it 125 %L f# 57 W B 7] 2 S AR
''' Bﬁﬁ/\%ﬂ?f R AIE]
(3) 7rE = Eﬂ%ﬂi%ﬁﬁ/ﬁ)ﬁ’iiﬁmgﬁﬁ

)

@) BT mﬁm@ﬁ@mﬁrﬁr@ﬂ

k

F HIR B (i ) ﬂi
(m%mWM”TH@F% i, @ﬁﬁ&* '

_._ o rj_'-r'.




(AT

lose w9

L]

T

R

S0

=SB RgES Rl

= 22-1




(187953




(A

=N



E
E
.l
¥
11
ke,

WAL [ml)

1 22-3 ETEWEEET, RS ARIE AR




AT

¥ O B
RGN RETE  BIEE
VMBS B B
R ITRNEA] (% )R SR

VR 4 > = — v
WIBHIER = o R T




ATV YRR

T
.4, + A o, A0

LA, + A A0
A

7' Biin b = 3 By 7S Bt 1Al Fa

=t A8EFRE Vo =LA |+ R A D

L & =W = #r+x PP i =h+4E 1% -

m-

v _E=EfhrtE AP [E FEAE HEFER -




meEetE

SaRESTIE R, R




n!

o . - r
Iy = rl(n_r)I.(E +1) (E +1)

FEAHETAERNE | A
AERATEERNE KA,

} 1 ,_(r-nE/E+D* =
JomENE+1)?  2nENE+D)” FEEER
+1) i ﬂ‘ .
SREEEARY . = N E/(E+1)

E




22-4 FEHPNENL IR
C—ARMIWKE; (—Km, H<taLls




=3

,& ’ éj\l%_‘ %‘% ’
YRR,

;ﬁﬁé



Al —

5

RSB (B

)

=N



=¥T

RGP

Mﬂ.!

R



—MZALTE. E Y
LR T H AW B
CAREZR, SMLL L

IZIZK 3%/%4&%
Hill 5 NI KA 21 1P
I Bfy 3 41«

s



B A s M A

RN | I

Job-lLae 8.

i

4

ey Ko ¥

(1113 1On

o 3 o

)
E00°C

P S
G

iai
1JiKL

i §

£l = A!all:i*:

X 3 EL LY

[ A

r

W

e
2EL

- .

Wl 2dlg,

1

S
r

[t |

By

~afk:. b,
T 0

T L

(R PN = i

< Bl

W 4l

A2 LT

Ll

L .s’a.l;ﬂ[];.

| EEE R

Ay

L1200

"\

@ - Ay

RIS i) o 44 L R

k. ki
b 330 I o

A A0y GO

P S

|

) EEL ] I 0

[N .
A
w

RN P )

¥
r'-"
v
a
o




5' \

ﬂ%ﬁﬁﬁ&m M2 FLIE

éﬂo
FEAR G5 M) Jot 3 9 S1—O0 DY T

A 025 ) B A B LI
ﬁmﬁxﬂ@r¥m%ﬁ@m

"[Agkdﬁﬁ”ﬁ . B
----- N8l T) .
f (1.5—2. Onm )

(4. 0—5. Onm)
e I L







Bt R H 2 A 55 ) BN AR 23 7K T B e 45 1)
a IHEPEEH b SRR L







y
A, IR A

SN

ll‘ijﬁ :

e

-?.:::::
Y
]
s

RC ST NN

1
1
| lll

% ; :
WEREE RSB AN
o :

—

| Em
.-.I .*:::.
S

\
\




=¥T

< BimEa1L, 6 #5)

H 1%, ﬁ?)%z?w :
NALERIR A 4E == _



P

HIN, N~ S

;mﬁ_
?J _HI%'JIX_M%E‘LT“
ﬁn%ﬁ%‘ Jit

,ia

‘V
A
:’ ... \
URY




ﬁ

SRAE A ::f_;'fiﬂomatography) HA
SEPEAR ELAE FIHG 23 1

LT

P AR LA

Wi



“%mﬁﬁﬁﬁ% ‘ﬂt
P A TS AOIR A

WﬂEﬁﬁT%@%ﬁﬁE
» r}f 'l..,l

Wik (activation) :

ﬂgfﬁﬁ%mﬁzmﬁk 2
;gw)%Fﬁ%mﬁ%% C ¥
IbE, 1,4— 1 W4 KHmEeEs
R4 1. Y



%
=

B
i
=

HLHELE o

,

IR IR

=



F—nﬂkﬂ

-

—

—H
R

}_n

L0,

-,

P

sL=hE

' EERRL
VLA B A, 5 (R B 22 i K

F—TH,

-

R— I,

-

HH,

— =N~ “H-F

— 1
ARETEY

_[-:'-.

U= —H
B T

EERREN R




=T

(2)

B SAAALGEL
5, RS VA

LRI
AT, SRR

B (AT SRR 1 ¢ j



R-NH2

=N



NH=H~0
' P}—EHE—C{—C/H > |~[}—CH2—[1“:H—[3H1—HH1
(3

CH
o . E-NH..
uccinic anhydride —[}—[}HE—[le—CHE—NH—ﬁ*CHE—EHE—E[}[}H -

_ ¥ EDC ( 7K

—(CH z—lleH—CH z—NH—lfll—CH —[Hz— f_H H-F
(H 0 2

PRI A S AR BB & b






;

1]

\1i
g

4

B (5=




C XJH

H =

AT P S

gl

A
= l|

.' -----

éwﬁ&ﬁ ---

.....

/Eﬁ%m%%é%% L |

IK PR Al B4 5 Jﬁ

.....

e *E?E 5, BE A 7E ﬁi‘ﬂﬁﬁqﬂ



UEA00y-Ligang + mﬁ»—@m

X FR SR A P SR 1 e v 5




4

#
1]

N

FrE (spacer)

1 /)j?//l\ﬁfzﬂlﬁz 2 [a) v B
= IERE

A5 s v -5 vt A Ik [ 3

- FEED:
@i NI, CH,—CH,—NH,
« & fig NH,~CH,~CH,~CH,~CH,~NH,
: 6—’?&%5@5‘21\1}12 GG = T

—iﬁikﬁﬁ -"

T

O



I

F I
i DA I f



T B K I I FE




-COOH+ HWN—CH,—CH,—0H ——  — — =~

| EDC (GRigHm )

|— C—NH—CH;,—CHe-CH

575 A o 1R i S . S



a
R B U

1] FH R 5

SURFAE 19, 7T 46 5053 D61

Jiih:

IS AX R L P RS
[ - \

i .'"-..

!

IR L) \§
M el TN (X Ti A




e

Tk 4
TR 2P D A 2R 1 ik 3

Langmiur WL IEEHEER:
aaggllu:r &Kﬁ?ﬁ%&
K, +C"~




zzE 1

P, pH, EhA

ing): BIAWSE, pi, ik
- ™ 5

T
Har

ing) - pH, E&i}& E . %lﬁ ?/% > ' x

L

‘utlon * K S )& ‘ Y



MR oy e

UUUUUUQB-. -

e







#

1]

T4

l
=
HH-

iR
s e







ETLOSEE

ik P 5 P T
B




3 5%)

R 2 B P A T

.,

)
%




FZRAE T 1\ @
ch elution)
Eélution)
Jﬁient elution)

Yy i L2

;%ic elution)

gﬁsp661flc elution)
- NaCNS . k3R, #HRA
'leg A :




o
o))
NaCl (mol/L)

©
n

=
E
~
(@]
S
N—r
£
[}
4+
o
S
ol

Protein

N

120 160

Elution (ml)




Protein

B
'\ /

40 120 160

o
o))

o
N

=
=
=~~~
(@)
=
N—r
£
Q
+—
(@)
—_
o

NaCl (mol/L)

Volume (ml)

A ZRY




Protein

=
€
~
(@)
S
N~
£
Q
+—
(@)
S
o

NacCl (mol/L)

120 160

Volume (ml)

(c) BHEEVLAR




. 68 M JRE, 6 Wib

e
T ——
F
|
"

>,

N







)

_\Lj

i (550U

S




:atlte Ca,, (PO,) ; (OH) ,)
- i;==:" )D"i .

SR

e e

wwmﬁguf

||||

%?Eﬂ@%ﬁA%ﬁE

~Hy 17 = = HAT HHI‘ '



09-%5 EERERNLEHNERER
(a)—BR-BRRAER; (b)—FHhETHL




UAE

RiIE




o DR REG4r y e E 2001 £ 3 B (ESE 81 B

SBER B-BAEH

LA

WasE iy (1. 8cmaé‘ @m> \

%ﬁl 5, 50, 100, 200



. ’1'1.3||-|n . 'ij ™ L
I ::: HEEE Y Ii:: :: T II h! 'l “ :| ST T ll!! I! !!]I: ::1! hi H II :I II haugus

] T Ah i) A1) $114]
Tuakwz  monmteens

BEL L IR 1 RTE k0 e Bk SR el b




ﬁﬁ\xlmwﬂ Jix
_mﬁi%ﬁA¥Lmﬁm

I il %ﬁm@u¢%wu#ﬁ~
Béz ST ﬁﬁk@%ﬂﬁ%ﬁéﬂﬁ

-.__ - “11._ "

WDLRE S —80 umol/mlg,
R By ¥ ;ﬂ WE A (BSA) AT40mg/ml 5




GK BT B S R R R T




SAGE

e -

BAT S

: —2)| (NH,) ,SO, BiNaCl

i
=

il .
. 5 NaCl, Fifii& pH/y
lJ 0.1—0.5 %NaSCN, 5229

.‘




Preparation of high purity urokinase using single step
hydrophobic interaction chromatography of p-
aminobenzamidine ligand

Xuejun Cao?, Jianhua Zhou®, Zhenhui Huang,? Xingyan Wu?2 and Byung Ki Hur¢

@ State Key Laboratory of Bioreactor Engineering, Department of Biochemical Engineering,
East China University of Science and Technology, Shanghai 200237, China

b Research Center, Shanghai No.1 Biochemical and Pharmaceutical Company, Shanghai,
200041, China

¢Department of Biological Engineering, Inha University, Inchon 402-751, Korea
Introduction

M aterial and Method

Results and Discussion

Conclusion

conresponce author: Tel: + 82-32-860-7512
e-mail:
Fax:+82-32-8750827




Urokinase purification

1 Crude material solution ultrafiltration retentate ion exchange column

>

desalting

effluent affinity chromatography effluent  Gel chromatography

L »

large molecular weight Urokinase

2 Crude material solution affinity chromatography effluent affinity chromatography

>

effluent

3 Crude material solution affinity chromatography effluent




Fig. 1. Reaction Sequence for the preparation of affinity gel

-O-CH2-CH-CH2-NH2

_ Epichlorohydrin Ammonia
_-OH Epichlorohydrin 0-CH2-CH-/CH2 '

OH

Succinic _anhydride .| 5. Hp-CH-CHa-N-C-CH2-CHa- COOH-AMminobenzamidine

-OCH2-CH-CH2-NH-C-CH2-CH2-C-NH
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Fig. 2. Effect of phosphate pH on urokinase bound on p-AB gel
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0.05M phosphate and 2.5 M NacCl




Fig. 3. Effect of NaCl concentration on urokinase bound on p-AB

~O. UK conc.

Residual UK conc.(IU/ml)

“O . Residual UK specific avtivity

Residual UK specific activity(IUmg pro)

1.5
NacCl conc.(M)

0.05M phosphate and pH 7.0




Fig. 4. =Hect of Tween 80 concentration on adsorption of urokinase
on p-AB-sepharose 4B
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2.5 M NaCl, pH 7.0 and 0.05M phosphate




Fig. 5. Breakthrough of urokinase bound on p-AB affinity column

UK activity in effluent(1U/ml)

140 160 180 200

Volume(ml)

Column size : 1.0 X 12cm with 10g of wet gel; Urokinase conc.: 11083 IU/ml; Conditions: 0.05 M phosphate, 2.5 M
NaCl and 1% Tween 80 at pH 7.0; Flow rateL 0.2 ml/min; Maximal adsorption capacity: 1427001U/g wet gel




Table 1 Effect of Tween 80 concentration on washing contaminant of urokinase on p-AB-sepharose 4B

Tgo Conc.(%w/v) UK conc.(lU/ml)  Protein conc.(mg/ml) Specific activity (1U/mg)

0.1 1083 4.0 271
0.5 1214 5.6 214
1.0 1258 6.4 196
5.0 1279 11.0 116
0.1 + (0.05M P + 2013 5.4 373
0.5 M NacCl, pH 7.0)

0.5+ (0.05M P + 2233 8.0 279
0.5 M NacCl, pH 7.0)

1.0 +(0.05M P + 2196 6.8 323
0.5 M NaCl, pH 7.0)

5.0+ (0.05M P + 2238 . 196
0.5 M NacCl, pH 7.0)

0.05M P + 2438 . 580
0.5 M NaCl, pH 7.0

0. 05M P + 2241 . 487
1.0 M NaCl,pH 7.0

0. 05M P + 1392 . 464
2.5M NaCl,pH 7.0




Table 2 Selection of eluants of urokinase bound on p-AB-sepharose 4B

Eluants UK conc.(1U/ml) Pro. conc.(mg/ml) Sp activity (1lU/mg) Rec(%)

PH 9.0,0.1 M Arg 5503 0.357 15414 89.9
PH 3.0,0.2 M Gly 5046 0.128 39422 82.4
PH9.0,0.2 M Gly 3380 0.188 28644 55.2
PH 9.0, 0.05 M Tris 4764 0.352 13534 77.8
PH 3.0,0.1 M HAC 3835 0.122 31434 62.6
PH 4.0,0.1 M HAC 3028 0.17 17812 49.5
PH 4.0, 0.1M Phorphate 4032 0.16 25200 70.0
PH 9.0, 0.1 M Carbonate 4592 0.194 23670 75.0

NaCl conc. 0.5 M, temperature 8°C
UK: Urokinase; Pro: protein; Sp: specific; Rec: Recovery




Fig. 6. Effect of glycine concentration on elution of urokinase bound on p-AB-
sepharose 4B

0.2,82.5 0.4,41389

Ex

—-O- Recovery

Recovery(%)

-1 Specific activity

Specific activity(IU/mg pro.)

0.6 0.8
Glycine conc.(M)

pH 3.0, 0.5M NaC




Fig. 7. Effect of glycine pH on elution of urokinase
bound on p-AB-sepharose 4B

3.0, 83.0

3.0, 42008.0

-O— Recovery

-{1- Specific activity

Recovery (%)
Specific activity (IlU/mg pro.)

0.2 M glycine and 0.5M NaCl




Fig. 8. Effect of NaCl concentration on elution of urokinase bound on p-A
sepharose 4B

A

0.5, 39421.0

—O—- Recovery

Recovery (%)

-O- Specific activity

Specific activity (IU/mg pro.)

1
NacCl conc.(M)

at 0.2 M and pH 3.0)




Fig. 9. Column purification curve of urokinase

=
o

Washing with 5% Tween 80

-0~ UK activity
-} Protein

UK activity(1U/ml)

Protein conc.(mg/ml)

Elution

1 1 1 1 1 1 1 1
N w N [&)] o ~ [oe] ©

Washing with 1.0 M NaCl l

5 10 15 20 25 30 35 40 45 50

Fractionation number

Urokinase volume: 100ml; Urokinase conc:11083 IU/ml: Adsorption buffer: 0.05 M phorphate, 2.5 M NaCl
and 1% Tween 80 at pH 7.0; Column size:1.0x12cm with 10g of wet p-AB gel; Flow rate: 0.2ml/min.
Washing 1: 50 ml of 5% Tween 80 Washing 2: 0.1 M phosphate buffer containing 1.0 M NaCl (pH 4.1) ;
Elution condition: 0.2 M glycine containing 0.5 M NaCl at pH 3.0




Table 3 result of column purification of urokinase

Volume ml UK conc. IU/ml Pro Recovery (%) Sp activity
conc.(mg/ml) (1U/mg pro)

Loading

Effluent

Washing 12

Washing 2 b

Elution . . 124300




Conclusion

1 Urokinase purity could be obviously improved by using 1% Tween 80 in
crude material solution and 5% Tween 80 in washing buffer

2 Glycine elution buffer could elute urokinase with more selectivity from column

3 Affinity mechanism is hydrophobic interaction and structure specificity
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